Objective: The present study aimed to evaluate the nutritional status of pregnant women in Colombia and the associations between gestational BMI and sociodemographic and gestational characteristics. Design: Cross-sectional study. A secondary analysis was made of data from the 2005 Demographic and Health Survey of Colombia. Setting: Bogotá, Colombia. Subjects: Pregnant adolescents aged 13-19 years (n 430) and pregnant women aged 20-49 years (n 1272). Results: The gestational BMI and sociodemographic characteristics of the adolescents differed from those of the pregnant adult women. Thirty-one per cent of the adolescents were underweight for gestational age, compared with 14?5 % of the adult women. Eighteen per cent of adolescents were overweight for gestational age, in contrast to 37?3 % of adult women. The overall prevalence of anaemia was 44?7 % and the prevalence of low serum ferritin was 38?8 %. Women within the high quintiles of the wealth index (prevalence odds ratio (POR) 5 0?56; 95 % CI 0?34, 0?91, P , 0?02) had lower odds of being underweight. Women who received prenatal care (POR 5 2?17; 95 % CI 1?48, 3?09, P , 0?001) and were multiparous (POR 5 2?10; 95 % CI 1?43, 3?15, P , 0?0 0 1) had higher odds of being overweight. Women in extended families (POR 5 0?63; 95 % CI 0?50, 0?95, P , 0?025) had lower odds of being overweight. Conclusions: Underweight in pregnant adolescents and overweight in adult women coexist as a double burden in Colombia. Factors associated with malnutrition among pregnant women and adolescents should be considered for future interventions in countries experiencing nutritional transition.
Currently, the double burden and nutritional paradox of simultaneous underweight and overweight is present throughout the developing world and mostly affects women (1, 2) . Likewise, the phenomenon of nutritional transition, which refers to the shifting burden of obesity from socio-economically privileged groups to the poor, has been observed over recent decades in several low-and middle-income countries, particularly among women (1, 3, 4) . Nutritional status among pregnant women is known to be a determinant of health for both the women and their newborns (5) . Worldwide, the prevalence of maternal undernutrition ranges from 10 % to 19 %, being more common among poor populations (6) . Undernutrition in pregnancy is associated with an increased risk of maternal and infant morbidity and mortality.
Short-term consequences of undernutrition include intrauterine growth restriction, small-for-gestational-age infants, preterm labour and perinatal death (5, 7) . Long-term consequences include stunting among children, which leads to shorter adult height, lower intellectual ability, reduced adult income and increased risk of chronic diseases such as hypertension, coronary disease, insulin resistance, diabetes mellitus and hyperlipidaemia (7) (8) (9) (10) . In addition, pregnant women are at risk of multiple micronutrient deficiencies, including deficiencies of Fe, folic acid, riboflavin and vitamins A, D, B 6 and B 12 (9) . Fe deficiency is the most prevalent and neglected nutrient deficiency in the world, affecting 30 % of the world's population and 56 million pregnant women (11, 12) . In developing countries, inadequate intake of Fe coupled with increased requirements during pregnancy exacerbate maternal deficiency and potentiate adverse effects for the mother and the child (12) . The prevalence of overweight and obesity during pregnancy has been increasing rapidly in both developed and developing countries, affecting women of all ages (13) (14) (15) (16) . In the USA the prevalence ranges between 10 % and 39 % (17, 18) . In Latin America, Brazil reports a prevalence of 22 % (19) , and in some African countries obesity is as high as 14 % (20, 21) . Short-term consequences of obesity during pregnancy include spontaneous abortion, recurrent miscarriage, congenital anomalies like neural tube and cardiac defects, pre-eclampsia, gestational diabetes, preterm birth and stillbirth (22) . The risk of gestational diabetes mellitus increases twofold for overweight women and eightfold for obese women (23, 24) . In the peripartum period, there is an increased prevalence of Caesarean section, induced labour, receiving oxytocin, slower progression through labour and complications of Caesarean section such as wound infection and excessive blood loss.
The long-term consequences include retaining weight gain after pregnancy, maternal progression to type 2 diabetes, childhood obesity and, later in life, higher blood pressure and type 2 diabetes (23, 25, 26) . Infants born to overweight and obese women are more likely to suffer fetal macrosomia and shoulder dystocia (22, 23, 26, 27) . There is growing recognition among clinicians and public health workers that the approaches used to prevent and respond to health problems among pregnant women need to account for the different health problems within adults and adolescents (7, 28) . Importantly, adolescent pregnancy in developing countries has been associated with poor nutrition and an increased severity of micronutrient deficiencies (28) . In recent decades, adolescent pregnancy has become an important health issue in developing countries. The adolescent fertility rate in developed countries was 29 births per 1000 women, while in developing countries it was 133 births per 1000 women. In Colombia, the adolescent fertility rate increased significantly from 70 per 1000 in 1990 to 90 per 1000 in 2005 (28) . For these reasons, it is necessary to assess the nutritional status of the pregnant population, while accounting for differences between adolescents and adults. Therefore, the present analysis aimed to estimate the prevalence of underweight and overweight among pregnant adolescents and pregnant adult women, and to assess the associations between gestational BMI and sociodemographic and pregnancy factors (28) . Colombia is a unique setting in which to explore malnutrition in pregnant women and adolescents, because the prevalence of both underweight and overweight is relatively high and the nutritional transition is apparent from the fact that the obesity gradient has already tipped against women in the poorest households. The findings of our analysis could thus guide future interventions and public health policies for pregnant women in developing countries experiencing nutritional transition.
Experimental methods

Setting
In 2005, Colombia had an estimated population of almost 43 million. Approximately half were females, 19 % were between 10 and 19 years of age and 43 % were between 20 and 49 years of age. About 17 % of the population lived on less than $US 2 per day and 7 % on less than $US 1 per day, 89?9 % knew how to read and write, 37?2 % had finished elementary school and 31?7 % had completed high school (29, 30) .
Sampling design and study population
We conducted a secondary analysis of cross-sectional data from the 2005 Demographic and Health Survey of Colombia (Encuesta Nacional de Demografía y Salud (ENDS)) and the National Nutritional Survey (Encuesta Nacional de la Situación Nutricional en Colombia (ENSIN)) (28) . The Demographic and Health Surveys are conducted in seventy-five countries worldwide as part of a project by the US Agency for International Development (coordinated by ICF Macro International) (31) . ENDS applied a multistage, stratified, population-based cluster sampling design to a national sample of 37 211 households stratified by cluster (household segments) that included 41 344 women of reproductive age (13-49 years old). From this sample 1702 (4?1 %) were pregnant at the time of interview. The survey obtained complete anthropometric information for 1620 women, the sample for the present analysis.
The original questionnaire contained both household and individual components and was administered with computer-assisted personal interview technology. All protocols were approved by the Profamilia Institutional Review Board on Research Involving Human Subjects.
Outcome measurement
The maternal weight and height used to calculate BMI were measured by trained personnel with calibrated equipment. The outcome BMI for gestational age was calculated using the algorithm developed by Atalah et al. (32, 33) . (34) . According to data from Thomson and Billewicz, the average cumulative weight gain in the first 10 weeks of gestation is 600 g, equivalent to 0?25 kg/m 2 for women of 1?55 m (35) . The 'ideal' increase in weight for women with normal BMI is estimated to be 20 % of the pre-pregnancy weight, which is associated with lower maternal and fetal morbidity and mortality in most studies (17) (18) (19) 21, 23, (36) (37) (38) . This is equivalent to 11 kg for a woman with a height of 1?55 m and a BMI of 23?0 kg/m 2 (about 4?5 kg/m 2 ). The slope of the curve along the pregnancy is assumed to have a sigmoid shape, with the greatest increase between the 20th and 30th weeks (35, 36, 38) , and it should be higher in emaciated women and lower in pregnant women with overweight and obesity. This algorithm was validated in 1997 with a cohort of 665 pregnant women in six selected clinics in Chile (32) . The algorithm has been used in at least four nutritional surveys in Latin American countries (32, (39) (40) (41) (42) (43) (44) .
Measures of independent variables
The sociodemographic characteristics included age (adolescents aged 13-19 years v. adults aged 20-49 years), education (no formal education or elementary school v. high school or higher education), wealth index (WI; 1st and 2nd quintiles v. 3rd quintile v. 4th and 5th quintiles), family structure (single person or nuclear family v. extended family), marital status (single v. married or member of an unmarried couple) and urbanicity (urban v. rural). The age cut-off point for adolescence was determined according to WHO recommendations (45) . The WI was developed by the World Bank for world populations, as a measure of wealth distribution across a country, taking into account respondents' household assets, amenities and services (31) . The pregnancy-related characteristics included health insurance status (no v. yes), prenatal care during pregnancy (no v. yes), trimester of pregnancy and parity (nulliparous v. multiparous).
Hb and serum ferritin (SF) concentrations were also measured in subsamples of 667 and 571 pregnant women. Hb was measured by the Hemocue method and adjusted by altitude as recommended by the International Nutritional Anemia Consultative Group (46) . Anaemia was defined as having Hb , 11 g/dl. SF was determined by chemiluminescence, using an automatic analyser (ADIVIA Centaur R ). Low SF level was used as an indicator of Fe deficiency and the cut-off for depleted Fe stores was defined as SF , 12 mg/l (11, 47, 48) . Our analysis excludes women with levels of C-reactive protein above 1.2 mg/dl (11, 47, 48) .
Statistical methods
Our analytic strategy involved several steps. First, we described the nutritional status of pregnant women based on the gestational BMI (underweight v. normal weight v. overweight). Second, we conducted bivariate and multivariate analyses using unordered multinomial logistic regression models to assess the association between independent variables with the categories of gestational BMI, with the normal category as the reference.
Collinearity between independent variables was evaluated using regression diagnostic tests. All analyses were conducted using the statistical software packages SAS version 9?1 (SAS Institute Inc., Cary, NC, USA) and STATA version 9?0 (StataCorp LP, College Station, TX, USA) with appropriate weighting and adjustment for the sampling design. (Table 1) . Pregnant adolescents differed significantly from pregnant adult women in certain sociodemographic and pregnancy characteristics (Table 2) . Adolescents were more likely to live in extended families and to be nulliparous. Although not statistically significant, 53?1 % of adolescents were in the first and second WI quintiles and 22?5 % were multiparous. In contrast, adult women were more likely to be married or a member of an unmarried couple, to have health insurance and to report receiving prenatal care during pregnancy.
Results
Study population
Prevalence of underweight and overweight among pregnant women Overall, 18?6 (95 % CI 16?1, 21?4) % of all pregnant women were underweight, 48?8 (95 % CI 45?3, 52?3) % were of normal weight and 32?6 (95 % CI 29?0, 36?3) % were overweight. Among the subsamples of pregnant women with Hb and SF measurements, the mean Hb level was 11 g/dl and the mean SF level was 24 mg/l. Almost half of the women had anaemia, and 38?8 % had depleted Fe stores ( Table 1) .
The adolescents and the adult women differed in their gestational BMI: while 31?2 % of the adolescents were underweight, 14?5 % of the adult women were underweight. In contrast, 18?0 % of the adolescents were overweight compared with 37?3 % of the adult women (Fig. 1, Table 2 ). Although both the adolescents and the adult women showed a high prevalence of anaemia and Fe store deficiency, the adolescents exhibited a pattern of higher deficiencies, though not one that was statistically significant (Table 2) .
Underweight-related factors
In the bivariate analysis, adolescent pregnant women had higher odds of being underweight compared with adult pregnant women. Women in the highest WI quintiles, who had health insurance and were multiparous had lower odds of being underweight compared with their comparison groups (Table 3) .
In the multivariate analysis, the associations between underweight and being an adolescent and being in the WI highest quintile remained statistically significant (Table 4) .
Overweight-related factors
In the bivariate analysis, adolescent pregnant women had lower odds of being overweight compared with adult pregnant women. Women who attended prenatal care, were multiparous and were in the third trimester of pregnancy had higher odds of being overweight than their comparison groups. In contrast, pregnant women living in extended families had lower odds of being overweight compared with pregnant women living in nuclear families (Table 3) .
In the multivariate analysis, associations between overweight and being an adolescent, living in an extended family, reporting prenatal care during pregnancy and multiparity remained statistically significant (Table 4) .
Discussion
Our findings provide evidence of the double burden within the pregnant population. Adolescents were more likely to be underweight and adults were more likely to be overweight. Overall, our results indicate that only about half of all pregnant women in Colombia had normal gestational BMI. Low gestational BMI was present in one-fifth of pregnant women, most of whom were adolescents. One-third of pregnant women, most of whom were adult women, were overweight.
In developing countries the nutritional transition and the double burden of nutrition are well recognized (1, 3, 49) . Among Latin American women there is evidence of an increase in the prevalence of overweight, which in many countries has exceeded 30 % (50) . This pattern of overweight coexists with a tendency to diminish the prevalence of underweight (50) . Our analysis of pregnant women provides, in part, evidence of this pattern. We found that the population in the lowest WI quintile had the highest prevalence of underweight, but that there were no differences in overweight by WI quintiles. In fact, among the pregnant population, in the lowest WI quintile 22 % were underweight and 31 % were overweight, while in the highest WI quintile 15 % were underweight and 36 % were overweight. In addition, we did not find the consistent differences seen in nutritional status between rural and urban population in other low-and middleincome countries (51) . This pattern could be the reflection of entering a later stage of nutritional transition, in which changes in diet and physical activity behaviours are leading to overweight and obesity (49) . Future studies assessing physical activity patterns and food consumption among pregnant women will help us to discern the differences in nutritional transition observed among pregnant Colombian women.
It is concerning that the prevalence of underweight is higher within the poorest and youngest population. In fact, 53 % of adolescents were in the lowest WI quintile. In addition, about one out of five adolescents in the lowest WI quintile were underweight, compared with one out of seven adolescents in the highest WI quintile. This finding illustrates that the strong association between poverty and undernutrition persists in Colombia. Consistent with other developing countries, in Colombia poverty is one of the main factors associated with maternal undernutrition (44, 52) . In Colombia, despite public and private efforts, the tendency towards teenage pregnancy accompanied by low gestational BMI has not changed and the proportion of pregnant adolescents has even increased, from 13 % in 1990 to 22 % in 2005 (29) . It is also important to underscore that our analysis showed that 22?5 % of the adolescents in our sample have already had at least one pregnancy. Undernutrition and multiple pregnancies could both increase the probability of giving birth to low-birthweight infants, thus creating an intergenerational effect on nutritional status and a transgenerational cycle of undernutrition and poverty (6, 52) . In addition, in the present study undernutrition was also reflected in the measurements of Hb and SF which showed that 44?7 % of the women had anaemia. These estimates, however, did not differ between adolescents and pregnant women. This significant nutritional deficiency is consistent with the prevalence of anaemia during pregnancy in non-industrialized countries (11, 53) and reflects the enduring problem of nutritional deficiencies in Colombia. Programmes of supplementation with multiple micronutrients during pregnancy may be a reasonable public health strategy.
In contrast, we found that overweight and obesity were more prevalent among adult women. These prevalences are within the lower bound of overweight and obesity prevalences reported by the WHO in other Latin American countries (Bolivia: 49?7 %; Brazil: 43?0 %; Chile: 57?7 %; Dominican Republic: 38?3 %; Peru: 43?4 %) (34) . We also found that multiparous females were more likely to be overweight. Weight increases gradually throughout adult life, and some studies have shown that excessive gestational weight gain is associated with postpartum weight retention and failure to lose pregnancy-related weight, both important predictors of obesity in midlife (37) . Overweight was also associated with living in extended families, which could be a reflection of food redistribution within families and should be evaluated in future studies.
The double burden of undernutrition among adolescents and overweight among women indicates the need to design and implement health and educational policies that promote healthy diets and physical activity during pregnancy. Therefore, it is important to emphasize the need for direct interventions to prevent excess or low gestational weight, to promote and maintain adequate pre-pregnancy healthy weight and to guarantee an adequate nutritional status during pregnancy in order to break the intergenerational transmission of unwanted health outcomes (24, 54) . In this context, we underscore the potential impact and relevance of nutritional programmes within the Colombian National Policy on Sexual and Reproductive Health, and the National Food and Nutritional Plan, which address malnutrition problems. In the private sector, widespread national programmes that include family planning and prenatal care health services offered by Profamilia could be determinant in preventing malnutrition outcomes in the pregnant population. In the public sector, the Colombian Institute for Family Welfare has maternal and child health and nutritional programmes, including day-care centres, nutritional programmes for pregnant and lactating women, and infant growth and development monitoring (28, 55) . Unfortunately, despite indications that overweight has increased, even exceeding underweight among women over the last decades, public health policies and programmes targeting pregnant women to date have continued to focus mainly on reducing undernutrition (33, 56) . As our research design was intended primarily to generate hypotheses, our findings should be interpreted with the following limitations. The study addressed neither pre-pregnancy weight nor weight gain during pregnancy, because of the cross-sectional design with only one anthropometric measurement. Nutritional status was evaluated using BMI based on weight and height measurements and the Atalah algorithm. However, this algorithm is being recommended for national surveys in Latin America (32) . Additionally, we did not assess food intake. We also found that prenatal care was positively associated with gestational overweight, which could be due to the cohort effect given the cross-sectional design of the study or the fact that our variable only reflected attending at least one prenatal care appointment. Therefore, longitudinal research is needed on whether our finding is related to health-care access and quality. Despite the limitations of the study, it provides new evidence of the double burden as an illustration of the epidemiological and nutritional transition among pregnant women from a middle-income country in Latin America. Although preventing low gestational weight is an urgent matter, preventing overweight during pregnancy is also crucial because of the complications of obesity during pregnancy (6, 22, 26) . Public health policies and efforts towards preventing underweight in pregnant adolescents and overweight in pregnant adult women should be reinforced.
